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I, Susan ANTHONY BA, ACIS, 
Director of RWS Group pic, of Europa House, Marsham Way, Gerrards Cross, 
Buckinghamshire, England declare; 

1 That I am a citizen of the United Kingdom of Great Britain and Northern Ireland. 

2. That the translator responsible for the attached translation is well acquainted with the 

German and English languages. 

3 That the attached is, to the best of RWS Group pic knowledge and belief, a true 
translation into the English language of the accompanying copy of the specification filed with 
the application for a patent in Germany on 26 June 1999 under the number 1 99 29 353.8 and 
the official certificate attached hereto. 

4 That I believe that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are true; and further that these statements were 
made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and 
that such willful false statements may jeopardize the validity of the patent application in the 
United States of America or any patent issuing thereon. 




For and on behalf of RWS Group pic 
The 21st day of May 2003 
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Bayer Aktiengesellschaft 
of 
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have filed a Patent Application under the title: 

"Process for preparing 4,6-dichloropyrimidine" 

on 26 June 1999 at the German Patent and Trademark Office. 

The attached document is a correct and accurate reproduction of the original submission for 
this Patent Application. 

The German Patent and Trademark Office has for the time being given the Application the 
symbol C 07 D 239/30 of the International Patent Classification. 

Munich, 4 May 2000 
German Patent and Trademark Office 
The President 

PP 

Faust 
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Pjroceg far preoar ^p 4 1 <Udich1o™nvrimidine 

Tbe present invention relates to a process for preparing 4,6-mchloropyrimidine from 
4-cworo-6-hydroxypyrimidine. 4.6-Dichloro P yrimidine is a valuable intermediate for 
5 preparing crop protection agents. 

A number of processes for preparing 4,6-dichloropyrimidine are known, see, for 
example. WQ96/23776. EP-A-697 406. EP-A-74S 593, WO 95/29166. DE-A- 
19 53 129 and GB 2 325 224. However, these processes always start from 
10 4,6-dihydroxypyrimidine. 

It is also known (see Res. Disci, n 391. 690-691 (1996)) that 4,6-dichloropyrimidine 
can be reacted by reacting 4-chloro-6-methoxypyrimidine with a chlorinating agent 
of the formula RiPCl* 



15 



DE . A -44 08 404 describes a process for preparing chloropyrimidines. including inter 
alia 4,6-dichloropyrimidine. Hydroxypyrimi dines are generally mentioned as starting 
material, but not chlorohydroxypyrimidines. According to this reference, 
furthermore, chlorination is effected with POCl 3 with addition of amines or amine 
20 hydrochlorides. 

No process for preparing 4.6-dichloropyrimidine starting from 4-chloro-6- 
hydroxypyrimidine and resulting in the desired product in a simple manner is yet 
known. 



25 



A process for preparing 4,6-dichloropyrimidine which is characterized in that 
4-chloro-6-hydroxypyrimidine is reacted with an acid chloride has now been found. 

Suitable acid chlorides are organic and inorganic acid chlorides, for example PC1 3 , 
30 POCl 3 , PC1 5 . R-PC1 2 , R-PCI4, R-POCI2 and R 3 PC1 2 , where R represents optionally 
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substituted C-Co-aryl or optionally substituted C-C^alkyl. acid chlorides of the 
formula R'-CO-Cl with R - chlorine, C r C l0 -alkoxy, C 6 -C 10 -aryloxy, -O-CCI3, 
-CO-C1, Cs-Cn-heteroaryloxy with 1 to 3 heteroatoms from the group of N. O and S, 
where the alkoxy, aryloxy and hetaryloxy radical, may optionally be substituted, and 

5 SOCh- 

The acid chlorides are active on their own. I» particular, no additions of catalysts are 
necessary, such as amides (for example diethylformamide). amines or organic 
phosphorus compounds (see EP-A-95 637). 



10 



15 



20 



However, it is possible to add such catalysts which are known in principle. 

It is also possible to employ mixtures of acid chlorides, but this is not preferred. 

It is furthermore possible to generate the required acid chloride in situ. For example, 
R 3 PC1 2 can be generated from R 3 P and chlorine or from R 3 P=0 and a chlorinating 
agent, for example PC1 3 or SOCh- 

It is furthermore possible to employ not only isolated 4-chloro-6-hydroxypyrimidine 
but also a reaction mixture which contains 4-chloro-6-hydroxypyrimidine and 
originates, for example, from the cleavage of 4^hJoro-6-methoxypyridine. The acid 
chloride to be employed according to the invention can be metered directly into the 
reaction mixture from the cleavage of 4-chloro-6-methoxypyrimidir.e. 

25 In general, at least 1 mol of acid chloride per mole of 4-chloro-6-hydroxypyrirmdine 
is employed in the process of the invention. This amount is preferably 1 to 3 mol. 

Solvents suitable in principle are those which have no adverse effect on the reaction 
to be carried out. Examples are aliphatic solvents such as alkanes. cycloalkanes and 
30 halogenoalkanes. aromatic solvents such as benzene, xylenes, toluene, 
chlorobenzenes. benzotrifluoride, p-chlorobenzotrifluoride and anisole, it being 
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possible for the aliphatic and aromatic solvents optionally to be substituted further, 
nitriles such as acetonitrile and benzonitrile, N-containing solvents such as 
dimethylformamide, dimethylaceamide, lactams and cyclic ureas, and ethers and 
• polyethers of a wide variety of types. A solvent can be dispensed with if liquid acxd 
5 chlorides are employed, preferably in excess. 

The process of the invention can be carried out. for example, at temperatures in the 
range 0 to 200°C, preferably at 20 to 175°C, particularly preferably at 30 to 150°C. 
The pressure is not critical. It can be. for example, 0.1 to 50 bar, preferably 0.5 to 
10 5 bar. Atmospheric pressure is particularly preferred. 

The process of the invention can be carried out in various embodiments, for example 
batchwise, semibatchwise or continuously. One possible procedure is as follows: 
4^hloro-6-hydroxypyrirrudine is added to an acid chloride with, where approbate, a 
solvent. It is then possible to stir at the desired temperature until the conversion to the 
4.6-dichloropyrimidine has taken place substantially or completely. It is also possible 
to meter the acid chloride into 4^hloro-6-hydroxypyrimidine in solution or as 
suspension. Other procedures are also conceivable. 

The working up of the reaction mixture present after the reaction can take place, for 
example, by extraction of the prepared 4,6-dichloropyrimidine with a solvent and 
subsequent distillation of the extract. It is also possible to add water to the mixture 
present after the reaction and then remove 4,6-dichloropyrimidine. It is also possible 
to distil the complete reaction mixture or firstly carry out a reformation with 
C1 2 /PC1 3 or PCU and then distil. Other embodiments and possible work ups are also 
conceivable. 



15 



20 



25 



The process of the invention for preparing 4,6-dichloropyrimidine is considerably 
simpler than the prior art processes. It requires no catalysts or auxiliaries such as 
30 amides, organic phosphorus compounds, amines or amine hydrochlorides. It can 
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moreover be earned out without solvent if liquid acid chlorides are used, which 
greatly simplifies the working up. 
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Examples 
Example 1 

5 100 parts by weight of cblorobenzene, 13.1 parts by weight of 4-chloro-6- 
hydroxypyrimidine and 36.6 parts by weight of dichlorotriphcnylphosphorane were 
introduced into a stirred vessel. The mixture was then heated with stirring to 100°C 
and stirred at this temperature for 3 hours. After cooling to room temperature, the 
content of 4,6-dichloropyrimidine in the reaction mixture was found by HPLC to be 

10 9.95% by weight. The yield taking account of the final weight of 144.3 parts by 
weight of reaction mixture was thus 96.7% of theory. Only traces of 4-chloro-6- 
hydroxypyrimidine were found in the reaction mixture. 



15 



20 



Example 2 

100 parts by weight of thionyl chloride, 30 parts by weight of triphenylphosphine 
oxide and 26.1 parts by weight of 4-chloro-6-hydroxypyrimidine were introduced 
into a stirred vessel and heated to reflux with stirring. After 6 hours, the reaction was 
stopped and, after cooling to room temperature, 130.1 parts by weight of reaction 
mixture were obtained and were analyzed by HPLC. The content of 
4,6-dichloropyrimidine was found to be 22.04% by weight, corresponding to a yield 
of 99.2% of theory. 4-Chloro-6-hydroxypyrimidine was present only in traces in the 
reaction mixture after the reaction. 



25 Example 3 



130 parts by weight of phosphorus oxychloride and 26.1 parts by weight of 4-chloro- 
6-hydroxypyrimidine were introduced into a stirred vessel and heated to 100°C with 
stirring. The reaction was complete after 30 minutes at 100°C. The final weight of 
30 reaction mixture after cooling to room temperature was 152.3 parts by weight. 
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Analysis thereof by HPLC showed a content of 19.25% 4,6-dichloropyriimdine, 
corresponding to a yield of 98.4% of theory. 

The reaction mixture was worked up by extraction five times with 100 parts by 
5 weight of methylcyclohexane each time at 50 to 60°C. The combined extracts were 
evaporated in vacuo. A solid residue of 30.8 parts by weight remained. Its content of 
4,6-dichloropyrimidine measured by HPLC was 95.8%, corresponding to a . yield of 
99.0% of theory. 

10 Example 4 

The procedure was as in Example 3 and resulted, after cooling, in a reaction mixture 
with a final weight of 152.8 parts by weight and with a 4,6-dichloropyrimidine 
content, analyzed by HPLC, of 19.18%, corresponding to a yield of 98.3% of theory. 

15 

The reaction mixture was worked up by adding 33.0 parts by weight of PC1 3 , heating 
to 80°C and, while stirring, passing in 14.2 parts by weight of chlorine gas over the 
course of one hour. The phosphorus oxychloride was then distilled out, initially under 
atmospheric pressure and then under gentle vacuum (200mbar) at a bottom 
20 temperature of up to 65°C. Distillation was then carried out under lOOmbar. 
4,6-Dichloropyrimidinc was obtained in an amount of 27.8 parts by weight with a 
content of 99.0% (HPLC). This corresponds to a yield of 92.4% of theory. 

Example 5 

25 

100 parts by weight of dichlorophenylphosphine oxide and 20.08 parts by weight of 
4-chloro-6-hydroxypyrimidine were mixed and heated to 100°C with stirring. This 
was stopped after 7 hours, and the mixture was cooled to room temperature. 
116.0 parts by weight of reaction mixture which, according to HPLC analysis, had a 
30 content of 16.04% 4,6-dichloropyrimidine and of 3.05% 4-chloro-6- 
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hydroxypyrimidine were obtained. This corresponds to a yield of 81.2% of 4,6- 
dichloropyrimidine and 17.6% of unreacted starting material. 

Example 6 

5 

100 parts by weight of chlorobenzene. 26.1 parts by weight of 4-chloro-6- 
hydroxypyrimidine and 10 parts by weight of dimethylformamide were introduced 
into a stirred vessel. The mixture was heated to 100'C with stirring and 99 parts by 
weight of phosgene were passed in at a constant rate over the course of 4 hours. 
10 Then, at lOO'C. nitrogen was passed in for 1 hour to expel residues of phosgene. 
Cooling to room temperature resulted in 130.5 parts by weight of reaction mixture. 
HPLC analysis of the reaction mixture showed 19.8% 4,6-dichloropyrimidine, 
corresponding to a yield of 86.7% of theory. 

15 Example 7 

110 parts by weight of chlorobenzene, 26.1 parts by weight of 4-chloro-6- 
hydroxypyrimidine and 45.8 parts by weight of phosphorus pentachloride were 
introduced into a stirred vessel. The mixture was then heated to 100°C with stirring. 
20 After one hour at 100°C, cooling to room temperature resulted in 175.9 parts by 
weight of reaction mixture. HPLC analysis thereof showed a content of 16.6% 
4,6-dichloropyrimidine, which corresponds to a yield of 98.0% of theory. 



25 



Examples 



100 parts by weight of acetonitrile, 14.5 parts by weight of 4-chloro-6- 
methoxypyrimidine and 0.03 parts by weight of water were introduced into a stiired 
vessel and, while stirring at 80»C, 37 parts by weight of hydrogen chloride gas were 
passed in over the course of 10 hours. An HPLC sample was then taken. This 
30 indicated that the 4-chloro-6-hydroxypyriraidine was almost completely reacted and 
4-chloro-6-hydroxypyrimidine had resulted. The reaction mixture obtained in this 
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way was stirred at 80°C and, over the course of 1 hour, 30.7 parts by weight of 
phosphorus oxychloride were added at a constant rate. After stirring for 15 minutes, 
the mixture was concentrated in vacuo. This resulted in a brown residue which was 
extracted three times with 5 parts by weight of methylcyclohexane each time. 
Concentration of the combined methylcyclohexane extracts afforded a pale beige 
solid residue of 4,6-dichloropyrimidine. Final weight: 14.2 parts by weight, HPLC 
content 98.9%, conesponding to a yield of 94.3% of theory. 



Example 9 

The process of Example 8 was repeated. After the addition of 30.7 parts by weight 
and stirring for 15 minutes, 21 parts by weight of phosphorus pentachloride were 
added in portions. The mixture was then stirred for 30 minutes and completely 
distilled in a manner analogous to Example 4. 13.9 parts by weight of 
4,6-dichloropyrimidine and an HPLC content of 99.1% were obtained. This 
corresponds to a yield of 92.4% of theory. 
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Claims 

1. Process for preparing 4,6-dichloropyrimidine, characterized in that 4-chloro- 
6-hydroxypyrimidine is reacted with an acid chloride. 

5 

2. Process according to Claim 1, characterized in that PC1 3 , POCI3, PC1 5 . R- 
PC1 2 , R-PCI4, R-POCl 2 and R 3 PC1 2 , where R represents optionally 
substituted C 6 -C, 0 -aryl or optionally substituted Ci-Cio-alkyl. acid chlorides 
of the formula R'-CO-Cl with R" = chlorine, C r C 10 -allcoxy, C 6 -C 10 -aryloxy, 

10 -O-CCI3, -CO-C1, C 5 -C ir hetcroaryloxy with 1 to 3 heteroatoms from the 

group N, O and S, where the alkoxy. aryloxy and hetaryloxy radicals may 
optionally be substituted, and SOCl 2 are employed as acid chloride. 

3. Process according to Claims 1 and 2, characterized in that the required acid 
15 chloride is generated in situ. 

4. Process according to Claims 1 to 3, characterized in that 4-chloro-6- 
hydroxypyrimidine is employed in isolated form or in the form of a reaction 
mixture containing 4-chloro-6-hydroxypyrimidine. 

20 

5. Process according to Claims 1 to 4, characterized in that at least 1 mol of acid 
chloride is employed per mole of 4-chloro-6-bydroxypyrimidine. 

6. Process according to Claims 1 to 5, characterized in that an aliphatic solvent, 
25 an aromatic solvent, a nitrile, an N-containing solvent, an ether or a polyether 

is employed as solvent. 

7. Process according to Claims 1 to 6, characterized in that it is carried out at 
temperatures in the range 0 to 200°C 

30 
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Process according to Claims 1 to 7, characterized in that it is carried out under 
a pressure in the range 0.1 to 50 bar. 

Process according to Claims 1 to 8, characterized in that 4-chloro-6- 
hydroxypyrimidine is added to the acid chloride with, where appropriate, a 
solvent. 
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Process for prgnaring 4.6- iiiphlnmpvrimidine 

Abstract 

5 4,6-Dichloropyrimidine is prepared in an advantageous manner by reacting 4-chloro- 
6-hydroxypyrimidine with an acid chloride. 
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